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In 1939 Lake Jacksonville was constructed on Sandy Creek approximately 4 miles south of 
Jacksonville, Illinois. Lake Jacksonville serves as a secondary water supply source for the city of 
Jacksonville. Water can be released from Lake Jacksonville and delivered via overland flow to 
Mauvaise Terre Lake. Mauvaise Terre Lake, constructed in 1921 on Mauvaise Terre Creek on the 
south side of Jacksonville, serves as the primary surface water supply for the city of Jacksonville. 
Sedimentation surveys were conducted in 1952 (ISWS, 1952) and 1986 (SCS, 1986) to document 
changes in the capacity of Lakes Jacksonville and Mauvaise Terre. 
 
As part of a 2010 study funded by the Illinois Department of Natural Resources, the Illinois State 
Water Survey estimated the yield of Lake Jacksonville during periods of severe drought.  This study 
used the capacity as determined by the 1986 SCS Sedimentation Survey and used the sedimentation 
rate computed during the 1986 survey to account for diminished capacity from 1986 to 2010 (ISWS, 
2010). The capacity of a reservoir is a core element in the determination of water supply yield.  
Analysis by the Illinois State Water Survey has shown that the estimated capacities of smaller 
reservoirs can be in error by over 30 percent without the use of depth surveys; and, for many smaller 
reservoirs, the capacity is likely to be overestimated. By conducting a detailed sedimentation or 
bathymetric survey, the capacity or volume can typically be estimated to within 10 percent of its true 
value.  Thus, reservoir surveys are an important component in water supply analysis and planning. 
  
The following report describes the bathymetric surveying of Lakes Jacksonville and Mauvaise Terre 
completed by the Illinois State Water Survey in, March and April 2016 and the use of these data to 
develop updated bathymetry and the resulting stage-volume relationship for both lakes. Once this 
information has been developed an updated safe yield analysis for the Lake Jacksonville-Mauvaise 




Bathymetric surveying was done using a combination of acoustic depth sounding of the reservoir 
bottom surface and physical depth measurements.  An Odom EchoTrac DF3200 MKII Precision 
Survey Echo Sounder mounted on either a 16 foot Jon boat or a 20 foot pontoon boat was used when 
collecting the acoustic depth soundings. A 200 kHz single beam transducer with a 4˚ beam angle was 
used exclusively for this effort. At the start of each day, the transducer offset was measured and the 
Odom was subsequently calibrated using a metallic “check bar” suspended at known depths below the 
transducer. Calibration was done in the deepest portion of the lake which allowed for calibration across 
the expected range of depths that might be encountered. At the end of each day instrument calibration 
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was verified using the same methodology. A complete calibration log was maintained for all data 
collection efforts involved in this project.  
 
A Trimble Ag132 Global Positioning System (GPS) was utilized to provide differentially corrected 
positions for all phases of data collection. All planned survey lines, boat track, positioning and depth 
information were developed and/or logged using Hypack® hydrographic surveying software. 
 
For those areas of the lake where depths were insufficient to allow use of the echo sounder, a 
graduated sounding pole equipped with a sediment “boot” to allow greater sensitivity to soft surficial 
sediments was used to determine water depth. Manual depth measurements were then entered into a 
target file within Hypack®. 
 
Bathymetric data were collected along planned transect lines, using an approximately 200 ft grid 
spacing for Lake Jacksonville and 150 ft grid spacing for Mauvaise Terre Lake. Transects along the 
main axis of both lakes (Figures 1-2) were also ran. Bathymetric surveying was done along transects 
previously established for the 1952 ISWS sedimentation survey on both lakes. A subsequent 
sedimentation survey was completed in 1986 on Jacksonville by the Soil Conservation Service using 
these same transects while adding several more. Data collection along these established transects allow 
for a direct comparison between 1952, 1986 and 2016 lake bottom elevations (Figure 3) and the 
determination of average sedimentation rates occurring within the lakes over different time periods. 
Previous sedimentation surveys on Mauvaise Terre Lake cannot be used for comparison to the 2016 





Bathymetric surveying was conducted March 17- April 8, 2016.  Data from approximately 38 miles of 
transects on Lake Jacksonville and 10 miles of transects on Mauvaise Terre Lake with additional 
targeted data collection and manual measurements were used to develop the bathymetry presented in 
this report. The reviewed and verified depth information was imported into ArcGIS 10.3.1 in order to 
create a seamless raster of depth information.  From this raster, depth contours were extracted at 1 ft. 
intervals for both lakes. Lake Jacksonville bathymetry is presented in Figures 5 and 6 and Mauvaise 
Terre Lake in Figures 7 and 8. Please note that contours for Mauvaise Terre Lake are presented using a 
1 foot contour while for the sake of clarity Lake Jacksonville bathymetry are presented using a 3 foot 
contour interval. Contour depths for all figures presented are distance below the current spillway 
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GIS Methodology 
The Lake Jacksonville/Mauvaise Terre Bathymetric Contours are GIS feature classes in ESRI file 
geodatabase format.  Digital delivery of these contours is within compressed zip files. File names and 
file content are found in Table 1.  
 
Table 1 – Digital File Delivery 
LJdelivery03222017.zip 
LJdelivery03222017.mpk ESRI map documents 
LJdelivery03222017.gdb 
1’ contours, sample points, pool 
boundaries, depth grids 
LMTdelivery03222017.zip 
LMTdelivery03222017.mpk ESRI map documents 
LMTdelivery03222017.gdb 
1’ contours, sample points, pool 




Developing bathymetric contours from sample depths acquired from boat transects is challenging due 
to the uneven distribution of sample points.  A prerequisite to developing contours is construction of a 
depth grid, which is also a Digital Elevation Models (DEM).  A DEM is usually created with either 
evenly spaced sample points, or irregularly spaced points that when connected form triangles in a 
triangulated irregular network (TIN).  These data are not evenly spaced, and the irregularly spaced 
points form TIN triangles that are too thin (one side is excessively short) for the TIN to be 
representative of the bathymetric surface. Even after post processing of sample points in preparation of 
GIS processing, the distance between points along transects is 1 foot, and the distance is usually 
greater than 150 feet between transects.  
There are a variety of tools within GIS for interpolating points into a DEM including IDW, Kriging, 
Spline, Trend, and Topo to Raster.  After application of each of these methods it was determined that 
the best approach was to use Topo to Raster in an interactive process of modifying inputs to refine the 
output. 
Topo to Raster is an ESRI ArcMap Spatial Analyst tool optimized for importing topographic map 




ISWS File:  Jacksonville_LtrRpt_2017-4-26_FINAL 
Page 4 of 39 
 
 
Figure 1- Planned transect lines on Lake Jacksonville  
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Figure 2 - Planned transect lines on Mauvaise Terre Lake 
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Figure 3 – Historic transect lines on Lake Jacksonville 
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Figure 4 - Historic transect lines on Mauvaise Terre Lake 
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Figure 5 – Lake Jacksonville 3 foot shaded contours 
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Figure 6 – Lake Jacksonville 3 foot contours 
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Figure 7 – Mauvaise Terre Lake 1 foot shaded contours 
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Figure 8 – Mauvaise Terre Lake 1 foot contours 
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Stage-Volume Relationship 
GPS locations were collected along existing shorelines and compared to the latest aerial photography 
available. Once any discrepancies were accounted for, shorelines were digitized off of existing aerial 
photographs and the surface area of each lake was calculated. Lake Jacksonville has a surface area of 
480.3 acres and the surface area of Mauvaise Terre Lake was determined to be 146.9 acres.  The area 
of lake segments at every 1 foot depth interval were digitized in order to develop a stage-volume 
relationship from these segment volumes using the Double-End Area Method.  The current capacity of 
Lake Jacksonville is estimated to be 1795 million gallons (MG) (5508.6 acre-foot) and Mauvaise Terre 
Lake to be 242.4 million gallons (743.9 ac-ft).  The resulting capacity curves and stage-volume tables 
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Table 2- Lake Jacksonville Stage-Volume Relationship 
Water Surface Elevation  Total Volume 
(ft below Spillway) (ft NGVD 29)  (MG) (ac-ft) 
0 644  1795.1 5508.5 
1 643  1643.7 5044.2 
2 642  1504.4 4616.4 
3 641  1374.7 4218.4 
4 640  1253.6 3846.8 
5 639  1141.5 3502.9 
6 638  1038.2 3185.9 
7 637  942.8 2893.2 
8 636  854.5 2622.2 
9 635  772.6 2370.8 
10 634  696.3 2136.8 
11 633  625.4 1919.1 
12 632  559.4 1716.5 
13 631  498.2 1528.8 
14 630  441.7 1355.4 
15 629  389.4 1195.1 
16 628  341.3 1047.2 
17 627  297.1 911.6 
18 626  257.2 789.3 
19 625  221.6 680.0 
20 624  189.4 581.1 
21 623  160.2 491.7 
22 622  134.1 411.6 
23 621  110.8 340.0 
24 620  90.0 276.0 
25 619  71.5 219.3 
26 618  55.4 169.9 
27 617  41.3 126.9 
28 616  29.1 89.2 
29 615  18.8 57.7 
30 614  10.5 32.3 
31 613  4.6 14.0 
32 612  1.4 4.4 
33 611  0.2 0.7 
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Table 3- Mauvaise Terre Lake Stage-Volume Relationship 
Water Surface Elevation  Total Volume 
(ft below Spillway) (ft NGVD 29)  (MG) (ac-ft) 
0 588.6  242.4 743.7 
1 587.6  196.0 601.5 
2 586.6  163.0 500.2 
3 585.6  135.3 415.3 
4 584.6  112.1 343.9 
5 583.6  93.9 288.0 
6 582.6  77.6 238.1 
7 581.6  63.3 194.3 
8 580.6  50.3 154.2 
9 579.6  38.0 116.7 
10 578.6  26.6 81.7 
11 577.6  16.3 50.1 
12 576.6  7.8 23.8 
13 575.6  2.3 6.9 
14 574.6  0.2 0.5 





The NRCS (Wilke, 1986) determined the capacity of Lake Jacksonville had decreased to 5830 ac-ft by 
1986. Based on the 2016 bathymetric survey, there has been an additional net loss in volume of 105 
MG (322 ac-ft) since 1986 (Table 4) due to sedimentation. Water depth information was collected 
along lines shown in Figure 3 for Lake Jacksonville, which corresponds to the original 1952 and 1986 
survey transects. To help assess the sedimentation that has occurred along individual survey lines, the 
surveyed transects are displayed graphically in Figures 12-30. 
 
The ISWS (ISWS, 1979) determined the capacity of Mauvaise Terre Lake had decreased to 628 ac-ft 
by 1979. Based on the 2016 bathymetric survey, there has been a net gain in volume of 37 MG (114 
ac-ft) since 1979 (Table 5). This increase in capacity is due to the dredging of lake sediments that 
occurred in 2014. For informational purposes, sedimentation rates determined from previous surveys 
for Lake Jacksonville are provided in Table 6. Water depth information was collected along lines 
shown in Figure 4 for Mauvaise Terre Lake, which corresponds to the original 1952 and 1979 survey 
transects. To help assess the sedimentation that has occurred along individual survey lines, the 
surveyed transects are displayed graphically in Figures 31-45. The effects of 2014 dredging on 
Mauvaise Terre Lake  are clearly evident at transects R1-R2 – R-7-R8 and R11-R12 – R13-R14 
(Figures 31-37), where the current lake bottom is in some locations lower than the original lake bottom 
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Table 4 – Lake Jacksonville Historical Capacity Information 




1940 2300 7058 Reservoir built; spillway = 644 ft NGVD 
1952 2240 6874 Illinois State Water Survey Sedimentation Survey 
1986 1900 5830 NRCS Sedimentation Survey 
2016 1795 5509 Illinois State Water Survey Bathymetry Survey 
    
    
 
 
Table 5 – Mauvaise Terre Lake Historical Capacity Information 




1921 593 1820 Reservoir built; East spillway = 590.4 ft NGVD 
1927 490 1505 West spillway added = 588.6 ft NGVD 
1952 331 1015 Illinois State Water Survey Sedimentation Survey 
1979 205 628 Illinois State Water Survey Sedimentation Survey 
2014   Lake Dredging 






Table 6 - Lake Jacksonville Historical Sedimentation Rates 




1940-1952 5.0 15.3 ISWS 
1952-1986 10.0 30.7 NRCS 
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Jacksonville water supply system 
The Illinois State Water Survey yield analysis for Lake Jacksonville and Mauvaise Terre Lake was 
updated to incorporate the 2016 measured reservoir capacity and surface area. The Jacksonville public 
water supply system sells water to 7 nearby communities with most of the water supply coming from 
groundwater. Water is drawn from Mauvaise Terre Lake during higher demand periods to supplement 
groundwater supply. Water from Lake Jacksonville can be used to increase levels in Mauvaise Terre 
Lake during emergencies using gravity flow via an intake with an invert elevation of 620 ft. Therefore 
only the volume of Lake Jacksonville above an elevation of 620 ft is used in the yield analysis. Two 
scenarios are analyzed: (1) annual use of surface water assuming Lake Jacksonville and Mauvaise 
Terre Lake water are used in the entire year; (2) seasonal use of surface water assuming Lake 





Yield analysis method and data requirement 
The yield of Lake Jacksonville and Mauvaise Terre Lake was computed using a water budget analysis 
of the reservoirs at its current measured capacity and dimensions, but assuming the climatic and 
hydrologic conditions are identical to those that occurred during the 1952-1955 drought of record.   
 
The water budget analysis estimates the losses and gains to the reservoir capacity during the course of 
a drought, in which the primary losses are the withdrawals for water use and evaporation from the lake.  
The primary gains to storage occur as surface inflows into the lake from its watershed and precipitation 
over the lake surface.  Seepage from the dam and groundwater inflows into the lake are generally 
unknown and for Illinois lakes are normally considered in the water budget analysis to “balance out.”  
If the dam is known or suspected to seep an unusually high amount of water, the water budget analysis 
should be considered invalid unless seepage is explicitly accounted for in the analysis.   
 
The primary input in the water budget analysis is the estimation of watershed inflow.  The 1952-1955 
flow record from the USGS gage on North Fork Mauvaise Terre Creek near Jacksonville, IL, is used 
for estimating inflows via a drainage area ratio approach. Evaporation from both lakes during the 
1952-1955 drought is estimated using climate data from Springfield, as presented in ISWS Report of 
Investigation 57, Lake Evaporation in Illinois.  Precipitation values used in the water budget analysis 
are those measured at Jacksonville, IL.   
 
Yield for annual use of surface water  
The water budget analysis indicates that, if the 1952-1955 drought recurred with Lake 
Jacksonville/Mauvaise Terre Reservoir complex at its current capacity, the reservoir level would be in 
a state of decline for roughly 30 months. The traditional estimate of safe yield (sometimes termed the 
“best” estimate) for the drought of record is the maximum constant rate of water that can be withdrawn 
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from the reservoir during these 30 months without drawing the lake below a minimum water level, 
usually considered to be the level that retains at least 10% of the full storage of the reservoir at the end 
of the 30-month drought period. This bottom 10% of storage in the reservoir is normally considered 
unusable because of poor water quality and the difficulty in accessing/pumping the remaining pool of 
water. By this method, the traditional safe yield for Lake Jacksonville/Mauvaise Terre reservoir is 
estimated to be 2.58 million gallons per day (mgd). 
Because there are significant uncertainties in the hydrologic and climatic data used in estimating 
reservoir yields, the traditional “best” estimate of yield has roughly a 50% chance of being either 
overestimated or underestimated. This means that the traditional yield estimate carries with it a 
50% chance that the system would not be adequate to supply the estimated yield amount if a severe 
drought, similar to the 1950s drought of record, were to occur today. For this reason, the 
ISWS uses a 90% yield (or 10% risk) value when determining the adequacy of community surface 
water supplies. This 90% yield value, which is a lower value of yield than the traditional estimate, can 
be viewed in several ways: 
• We can state that we are 90% confident that the “true” yield of the water system is at least as 
great as the 90% yield value. 
• The community can be 90% confident that they would have sufficient water in their reservoir 
to survive conditions similar to the drought of record. 
• In other words, it corresponds to no more than a 10% risk of system failure during a drought 
of record. 
The 90% yield value for Lake Jacksonville/Mauvaise Terre Reservoir complex is estimated to be 1.81 
mgd. Prior to determining the 90% yield, all of the major data inputs into the water budget analysis 
were analyzed to identify potential errors of estimate. Of the major inputs (watershed inflow, reservoir 
capacity, and evaporation estimates), the estimate of watershed inflow has the greatest potential to 
have error (with a standard error of 30%) because it requires the unverified assumption that the inflow 
into Lake Jacksonville is proportional to the measured flow from the North Fork of Mauvaise Terre 
Creek. The standard errors in the recent reservoir capacity measurement and the evaporation estimate 
are 10 and 14 percent, respectively. In the process of estimating the 90% yield, the reservoir capacity 
and inflow are devalued and the estimate of evaporation is inflated based on their expected errors. The 
determination of expected data error percentages are described in greater detail by Knapp (2007). 
 
Yield for seasonal use of surface water  
If the surface water is only used in higher demand period, the two lakes have the intermittent seasons 
to replenish during the drought period. Therefore, the safe yield of the two lakes will be higher than the 
scenario where water is withdrawn from the lakes during the entire year. For seasonal withdrawals of 
surface water, the 50% and 90% confidence yields for the lakes are estimated to be 4.00 mgd and 2.97 
mgd, respectively.  
 
Historic water use  
Figure 11 shows historic water withdrawals for the Jacksonville water supply system, including surface 
water and groundwater withdrawals. The maximum total water withdrawal is 7.23 mgd in 1993 and the 
maximum surface water withdrawal is 1.64 mgd in 1982.  
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Figure 11 - Water withdrawal for Jacksonville during 1979 to 2014 
 
Summary   
Table 7 summarizes the yield analysis results and the comparison with historic water use. These data 
indicate the safe yield for the two lakes is sufficient to meet current and historical surface water 
withdrawals both annual and seasonal use. 
 
Table 7 - Yield analysis results and maximum surface water withdrawal (mgd) 
 Annual use of surface water  Seasonal use of surface water  
50% yield  2.58 4.00 
90% yield 1.81 2.97 







Documentation from the 1939 survey describes concrete filled steel pipes being installed as 
monumentation to identify 9 transects and identified by letters in figure 3. Documentation from the 
1986 survey describes t-posts being installed as monumentation to identify 10 additional transects and 
identified by numbers in figure 3. An attempt was made to locate each monument and GPS reference 
their location. For transects where the monumentation was not recovered, we georeferenced the 
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coordinates. New monuments were installed in those locations. In most locations an aluminum pipe 
monument with an ISWS embossed cap was buried just below ground level. These monuments can 
easily be found with a magnetic locator. In other locations a 4.5” square concrete monument with an 
ISWS medallion embedded on top was used. All monuments location information can be found in 
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Table 8 – Location of transect survey monuments 




 NAD 83  
 (decimal degrees)  
Monument 
ID Latitude Longitude 
 
    
A** 39.6697465 -90.2119248  
B** 39.6740932 -90.2114052  








G 39.6772248 -90.1901222  
H 36.6753032 -90.1889595  
J 39.6764943 -90.1839597  
K* 39.6741345 -90.1842283  








































5* 39.6751220 -90.2080692  


































*4.5” concrete monument 
**aluminum post monument 
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Figure 13 – Cross Section Plot Lake Jacksonville transect D-E 
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Figure 15 – Cross Section Plot Lake Jacksonville transect J-K 
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Figure 41 – Cross Section Plot Mauvaise Terre Lake transect R19-R20 
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Figure 43 – Cross Section Plot Mauvaise Terre Lake transect R23-R24 
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Figure 45 – Cross Section Plot Mauvaise Terre Lake transect R9A-R10A 
 
